
NASA TT F-10,664 

RESOLUTION AND MICROPHOTOMETRIC GRANULARITY OF INFRARED FILMS 

I. I. Breydo 

Translation of “Razreshayushchaya sposobnost’ i mikrofotometricheskaya 
zernistost ’ infrakrashykh plenok” 

Vol. I?, pp. 59/50, Jar?./Feb. 1965 
Zhurnal Nauchnoy i Prikladnoy Fotografii i Kinematografii, 

0 (THRUI IAOCESSION PUMBER) 

(NASA OR OR TMX OR AD NUMBER1 
I C A T ~ O R Y )  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGT.ON JANUARY 1967 



NASA TT F-10,664 

RESOLUTION AND MICROPHOTOM~RIC GRANULARITY OF INFRARED FILNS~ 

I. I. Breydo 

Resul t s  of an experimental  i n v e s t i g a t i o n  of t h e  r e s o l v -  
ing power of s e v e r a l  photographic I R  f i lms .  
w i th  a resolvometer revea,led t h a t  t h e  r e s o l u t i o n  i s  s t r o n g l y  
dependent on t h e  frequency of the inc iden t  l i g h t ,  being 
about twice  as h igh  f o r  v i o l e t  as f o r  r e d  l i g h t .  A check of 
t h e s e  r e s u l t s  u s ing  t h e  contac t  method confirmed t h e  o r i g i n a l  
f i nd ings .  Poss ib l e  mechanisms f o r  t h i s  e f f e c t  are d iscussed .  

Measurement 

The 1-810, 1-920, 1-1030 and 1-1070 i n f r a r e d  f i l m s  developed by t h e  Kazan /59* 
Branch of t h e  S c i e n t i f i c  Research I n s t i t u t e  of Motion P i c t u r e  Photography 
( N I K F I )  ( r e f .  1) have been thoroughly s tudied  a t  t h e  Main Astronomical Observa- 
t o r y  of t h e  USSR Academy of Sciences ( r e f .  2 ) .  During work on t h e  f i l m s  i t  w a s  
noted t h a t  t h e i r  r e s o l u t i o n  i s  s t rong ly  dependent on t h e  s p e c t r a l  composition of 
t h e  l i g h t  t o  which they are  exposed. 

The r e s o l u t i o n  was determined by exposure i n  t h e  resolvometer of t h e  A l l -  
Union S c i e n t i f i c  Research I n s t i t u t e  of Metrology ( V N I I M )  ( r e f .  3) w i th  an  OS-16 
apochromat o b j e c t i v e  lens .  The l i g h t  source w a s  an  incandescent lamp w i t h  a 
Ks-14 r ed  l i g h t  f i l t e r ,  a v i o l e t  l i g h t  f i l t e r  (maximum t ransmiss ion  a t  about 
450 mp) o r  wi th  no l i g h t  f i l t e r  (conventional whi te  l i g h t ) .  It i s  c l e a r l y  evi- 
dent  from t h e  curve of s p e c t r a l  s e n s i t i v i t y  f o r  t h e  i n f r a r e d  f i l m s  ( r e f .  2) t h a t  
t h e  image i n  t h e  f i r s t  case i s  b a s i c a l l y  composed of i n f r a r e d  r ays .  The r e s u l t s  
are  given i n  t a b l e  1. 

A s  may be  seen  from t h e  t a b l e ,  t h e  r e s o l u t i o n  of f i l m s  i n  v i o l e t  r ays  i s  
more than  t w i c e  t h a t  i n  i n f r a r e d  r ays .  When t h e  images on t h e  tes t  s l i d e  are  
examined under t h e  microscope i n  t h e s e  rays it  i s  hard t o  b e l i e v e  t h a t  they  a r e  
taken on t h e  s a m e  f i l m .  

It i s  extremely improbable t h a t  t h i s  phenomenon i s  due t o  l a r g e  a b e r r a t i o n s  
of t h e  o b j e c t i v e  l ens  i n  t h e  i n f r a r e d  reg ion  of t h e  spectrum. Nevertheless ,  
s p e c i a l  experiments w e r e  set  up t o  e n t i r e l y  r u l e  out t h e  e f f e c t  of t h e  o b j e c t i v e  
l ens .  

I n  o rde r  t o  do t h i s ,  t h e  r e s o l u t i o n  of t h e  i n f r a r e d  f i l m s  was determined by 
t h e  secondary contac t  method ( r e f .  4 ) ,  i . e . ,  by c o n t a c t - p r i n t i n g  a s m a l l  t e s t  
nega t ive  on t h e  f i lm .  I n  t h e s e  experiments,  t h e  v i o l e t  l i g h t  f i l t e r  was r e -  
placed by a b lue  f i l t e r  w i t h  a wider t ransmiss ion  band (which r e s u l t e d  i n  some- 
what lower va lues  of R) .  The r e s u l t s  a r e  given i n  t a b l e  2 .  

A s  may be seen  from the t a b l e ,  even i n  t h i s  case  t h e  R f o r  i n f r a r e d  r ays  
i s  l i t t l e  more than  h a l f  t h a t  f o r  b lue  rays.  
*Numbers g iven  i n  margin i n d i c a t e  paginat ion i n  o r i g i n a l  f o r e i g n  t e x t .  
'UDC 771.537.61: 771.537.32 
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' Without f i l t e r  

TABLE 1. 
MEASURED I N  THE RESOLVOMETER OF THE 
ALL-UNION SCIENTIFIC RESEARCH I N -  
STITUTE OF METROLOGY. SURED BY THE CONTACT METHOD. 

RESOLVING POWER R (nun-') 

TABLE 2. RESOLVING POWER R (mm-l)  MEA- 

1-810 
1-920 
1-1030 
1-1070 

Film 

62 100 
56 90 
50 100 
50 90 

1-810 
1-920 
1-1030 
I- 1070 

~ Light f i l t e r s  

115 
125 

60 
74 
85 
88 

Light f i l t e r s  
Film Without f i l t e r  

67 
70 
95 
90 

The reason  f o r  t h i s  phenomenon i s  q u i t e  obvious.  A s  has been previous ly  
shown ( r e f .  5 ) ,  t h e  n a t u r e  of t h e  r e l a t i o n s h i p  between t h e  r e s o l u t i o n  of photo- 
graphic  l a y e r s  and t h e  s p e c t r a l  composition of l i g h t  corresponds t o  t h e  s p e c t r a l  
behavior  f o r  l i g h t  s c a t t e r i n g  by t h e s e  l a y e r s ,  and t h i s  behavior i s  i n  t u r n  de- 
termined by t h e  average s i z e  of t h e  s i l v e r  h a l i d e  c r y s t a l s  i n  t h e  g iven  emul- 
s ion .  Layers w i th  s m a l l  c r y s t a l s  s c a t t e r  c h i e f l y  b lue  r a y s ,  and t h e r e f o r e  t h e  ,@ 
r e s o l u t i o n  of t h e s e  l a y e r s  i s  lower i n  b lue  rays  than  i n  r ed .  Layers w i t h  
l a r g e r  emulsion c r y s t a l s  s c a t t e r  c h i e f l y  r e d  r a y s ,  and t h e r e f o r e  t h e i r  r e so lu -  
t i o n  i s  lower i n  r ed  r ays  than  i n  b lue .  

2 The average s i z e  of t h e  emulsion c r y s t a l s  i n  i n f r a r e d  f i l m s  i s  about 1 P . 
The s p e c t r a l  behavior  f o r  l i g h t  s c a t t e r i n g  by emulsions of t h i s  type  w a s  s tud ied  
by Pruss ( r e f .  6) .  It was found t h a t  these  l aye r s  s c a t t e r  i n f r a r e d  r ays  con- 
s i d e r a b l y  more i n t e n s e l y  than  b l u e ,  as may be seen  from t h e  graphs presented  i n  
t h e  paper.  This  expla ins  t h e  reduced value of R i n  i n f r a r e d  rays  as compared 
w i t h  R i n  b lue  r ays  f o r  t h e  given in f r a red  f i l m s .  

The r e s o l u t i o n  of f i l m s  i n  "white l i g h t "  (lamp without  f i l t e r ) ,  as may be 
seen from t a b l e s  1 and 2 ,  occupies an  in te rmedia te  p o s i t i o n  determined by t h e  
re la t ive  c o n t r i b u t i o n  of b lue  and i n f r a r e d  r ays  i n  formation of t h e  image. 
Thus, R i n  whi te  l i g h t  f o r  1-810 f i l m  i s  c l o s e  t o  t h a t  i n  i n f r a r e d  r a y s ,  s i n c e  
t h e  image i s  formed c h i e f l y  by i n f r a r e d  l i g h t ,  as may be seen  from t h e  curve f o r  
t h e  s p e c t r a l  s e n s i t i v i t y  of t h i s  f i l m  ( re f .  2) and from t h e  curve f o r  s p e c t r a l  
s c a t t e r i n g  of energy i n  t h e  l i g h t  of a n  incandescent lamp. On t h e  o t h e r  hand, 
R i n  whi te  l i g h t  f o r  1-1030 and 1-1070 f i lms  approaches R f o r  b lue  r ays  s i n c e  
t h e  c o n t r i b u t i o n  of i n f r a r e d  rays  t o  formation of t h e  image i s  s m a l l  due t o  t h e  
low degree of s e n s i t i z a t i o n  f o r  t h e s e  f i lms .  

The microphotometric g r a i n  s i z e  f o r  i n f r a r e d  f i l m s ,  i . e . ,  t h e  mean square  
f l u c t u a t i o n  i n  t h e  t ransmiss ion  c o e f f i c i e n t  aT of a uniformly exposed and 

developed s e c t i o n  of t h e  l aye r ,  was measured by a previous ly  descr ibed  method 
( r e f .  7 ) .  This  f l u c t u a t i o n  was approximately i d e n t i c a l  f o r  a l l  fou r  types  of 
f i lms :  oT=0.060 f o r  D=0.5 wi th  development f o r  f i v e  minutes i n  Chibisov 

developer .  
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P Thus, i n f r a r e d  f i l m s  are approximately t h e  s a m e  as Panchrome type  10 o r  
as t ronomic A-500 f i l m  wi th  r e spec t  t o  microphotometric g r a i n  s i z e  ( r e f .  7). 

It i s  i n t e r e s t i n g  t h a t  t h e  microphotometric g r a i n  s i z e  was i d e n t i c a l  when 
t h e  f i l m  was exposed through b l u e  and red f i l t e r s  whi le  t h e  r e s o l u t i o n  i n  t h e s e  
cases ,  as we have seen ,  d i f f e r s  by a f a c t o r  of 2. This  shows once aga in  t h a t  
t h e r e  i s  no d i r e c t  r e l a t i o n s h i p  between r e s o l u t i o n  and g r a i n  s i z e ,  as w a s  
po in ted  out  prev ious ly  ( r e f .  8). 
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